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INTRODUCTION
In Central Aragon (NE Spain), where strong and dry WNW winds 
(Cierzo) are frequent all year round, the most common cropping 
system is the cereal-fallow rotation (long fallowing of 16-17 months). 
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CONCLUSION
In fallow lands of semiarid Aragón, reduced tillage with 
chisel plough can be an effective practice for wind erosion 
control by reducing the wind erodible fraction of the soil and 
maintaining both crop residues and ridge roughness on the 
surface. Complementary management practices, such as tilling 
perpendicularly to wind direction and reducing the large, 
unsheltered area of the field, with barriers or stripcropping, are 
also recommended. 
Soil texture and soil tillage are the main factors affecting soil 
erodibility. The highest erodibility corresponds to sandy loam 
soils and traditional mouldboard ploughing (Figs. 2 and 3) (López 
et al. 2001. J. Soil Water Conserv, in press).
Farmers in the region do not take into account tillage 
orientation since only in 20% of the fields ridges were oriented
perpendicularly to the dominant Cierzo wind direction. 
We report here results on the 
influence of tillage on soil surface 
properties affecting wind erosion 
in fallow lands of Central Aragon. 
An assessment of wind erosion 
risk in this region is also 
presented.
MATERIALS AND METHODS
Soil surface conditions (wind erodible fraction, frontal and basal 
areas occupied by clods and crop residues, and surface roughness) 
were determined immediately after conventional tillage (mouldboard 
plough, CT) and reduced tillage (chisel plough, RT) on a loam soil 
(Peñaflor) in the summer of 1995 (López et al. 1998. Soil Tillage
Res. 45, 91-105) and on a silt loam soil (El Saso) during the 1996, 
1997 and 1998 field campaigns of the WELSONS project (Wind 
Erosion and Loss of Soil Nutrients In Semiarid Spain) (Sterk et al. 
1999. Land Degrad. Develop. 10, 545-554; López et al. 2000. Europ. 
J. Agronomy 12, 191-199).
In 1999, a total of 67 fallow fields (Fig. 4) covering the main 
cereal production areas in semiarid Aragón were also characterised 
following primary tillage operations implemented at the end of winter. 
The Wind Erosion Equation (Woodruff and Siddoway. 1965. Soil Sci.
Soc. Amer. Proc. 29, 602-608.) was used to predict soil losses 
during the most critical period of fallow (February-April).
This cropping system extends 
over about 430,000 ha (Fig. 1) 
with an annual precipitation less 
than 400 mm. Fallow lands are 
prone to wind erosion due to 
insufficient crop residues on the 
surface and loose, finely divided 
soils by multiple tillage operations 
(Photo 1).
Fig. 1. Land use in Central Aragon
(NE Spain).
Photo 1. Raising of dust during 
conventional tillage operation in 
fallow land.
Fig. 4. Predicted wind erosion in fallow lands of semiarid 
Central Aragon for the February-April period.
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Fig. 3. Wind erodible fraction of soil surface (0-2.5 cm) as 
affected by tillage (Ch, chisel plough; MP, mouldboard plough; 
DH, disk harrow; and R, roller).
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Fig. 2. Wind erodible fraction (aggregates <0.84 mm de 
diameter) of soil surface (0-2.5 cm) as function of soil 
texture.
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Compared to conventional tillage, reduced tillage provides 
higher soil protection against wind erosion through a lower wind
erodible fraction, and a higher percentage of soil cover, by crop 
residues and clods, and roughness (Table 1). 
Table 1. Soil surface characteristics as affected by tillage (CT, 
conventional tillage; RT, reduced tillage)
Site Year Tillage EF† Soil cover (%) Frontal area (cm2 m-2) RR§
(%) Residues Clods‡ Residues Clods‡ (%)
Peñaflor 1995 CT 50 0.9 2.9 71 313 5.3
RT 41 1.9 12.7 101 1269 21.0
El Saso 1996 CT 43 0.8 1.2 80 65 3.5
RT 33 25.2 24.8 1970 739 13.1
1997 CT 39 0.2 4.1 6 216 6.4
RT 27 13.3 11.1 483 967 14.3
1998 CT 43 3.4 4.6 103 243 2.6
† Wind erodible fraction: mass of aggregates <0.84 mm in diameter (0-2.5 cm depth).
‡ Aggregates >38 mm in diameter.
§ Random roughness measured in the WNW direction (292.5º).
Predicted wind erosion during the February-April period is 
high to very high in 30% of the fallow fields surveyed in the 
study area (from 22 to 141 Mg ha-1) and moderate in 28% (5-
19 Mg ha-1) (Fig. 4).
